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AERONAUTIC  SYMBOLS 
1.  FUNDAMENTAL  AND  DERIVED  UNITS 


Symbol 

Metric 

English 

Unit 

Abbrevia¬ 

tion 

Unit 

Abbrevia¬ 

tion 

Length „  _ 

1 

meter  _ _ _  _ 

m 

foot  (or  mile) ,  _  _ 

ft,  (or  mi.) 

Time _ _ 

t 

second,  . . .  . 

s 

second  (or  hour)  _ 

sec.  (or  hr.) 

Force _ 

F 

1 

weight  of  1  kilogram. 

kg 

weight  of  1  pound _ 

lb. 

Power _  _ 

P 

horsepower  (metric) 

horsepower, _ _ _  _ 

hp. 

Speed, _  _ 

V 

fkiiometers  per  hour _ _ 

k.p.h. 

miles  per  hour _ 

m.p.h. 

\meters  per  second,  _ 

m.p.s. 

feet  per  second _ _ 

f.p.s. 

Weight  = 

Standard  acceleration  of  gravity  =  9,80665 
m/s^  or  32.1740  ft./secd 

Mass  =  — 


Moment  of  inertia  =  (Indicate  axis  of 

radius  of  gyration  k  by  proper  subscript.) 
Coefficient  of  viscosity 


2.  GENERAL  SYMBOLS 

Kinematic  viscosity 

=  9.80665  p,  Density  (mass  per  unit  volume) 

Standard  density  of  dry  air,  0.12497  kg-m~^-s^  at 
15°  C.  and  760  mm;  or  0.002378  Ib.-ft.-^-sec.^ 
Specific  weight  of  “standard"'  air,  1.2255  kg/m®  or 
3  axis  of  0,07651  Ib./cu.ft. 


iirea 

Area  of  wing 
Gap 
Span 
Chord 

Aspect  ratio 

True  air  speed 

Dynamic  pressure  =~py2 

Lift,  absolute  coefficient  CV,  =  ^ 

qS 

Drag,  absolute  coefficiertt  CL  =  ^ 

qS 

Profile  drag,  absolute  coefficient  CL 


Induced  drag,  absolute  coefficient  On 

*  qS 

Parasite  drag,  absolute  coefficient  On 

"  qS 


Cross-wind  force,  absolute  coefficient  CL  = 
Resultant  force 


AERODYNAMIC  SYMBOLS 

ito,  Angle  of  setting  of  wings  (relative  to  thrust 
line) 

it,  Angle  of  stabilizer  setting  (relative  to  thrust 

line) 

Q,  Resultant  moment 

Resultant  angular  velocity 

Reynolds  Number,  where  Z  is  a  linear  dimension 
(e.g.,  for  a  model  airfoil  3  in.  chord,  100 
m.p.h.  normal  pressure  at  15°  C.,  the  cor¬ 
responding  number  is  234,000;  or  for  a  model 
of  10  cm  chord,  40  m.p.s.  the  corresponding 
number  is  274,000) 

Op,  Center-of-pressure  coefficient  (ratio  of  distance 
^  of  c.p,  from  leading  edge  to  chord  length) 

^  a,  Angle  of  attack 

jy  €,  Angle  of  downwash 

cio7  Angle  of  attack,  infinite  aspect  ratio 
^  ai,  Angle  of  attack,  induced 

Angle  of  attack,  absolute  (measured  from  zero® 
Q  lift  position) 

Plight-path  angle 
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SUMMARY 

Pressli realist rihiiti 071  tests  of  a  Cla7p  T  wmg  model 
with  a  7nade  to  determine 

the  distrihiition  of  air  loads  over  both  the  loing  and  the 
flap.  The  model  was  used  in  conjimction  with  a  re¬ 
flection  plane  in  the  Aa  A.  C.  A.  7-  bij  10-foot  wind 
tunnel.  The  20-percent-cho7xl  split  flap  extended  over 
the  inboard  60  percent  of  the  semispan.  The  tests  loere 
made  at  various  flap  deflections  wp  to  Jj.5°  and  covered 
a  range  of  angles  of  attack  from  zero  lift  to  approximately 
7naximu7n  lift  for  each  flap  deflection. 

The  le suits  are  given  as  airfoil  section ,  or  rib,  jmessure 
dia grains  for  the  wing  with  flap  neutral.  Increments  of 
airfoil  section  pressures  are  given  for  various  amounts 
of  flap  deflection  so  that  comhined  wing  and  flap  sec¬ 
tion  piessure  diagrams  may  be  obtained  by  a  simple 
(iddition.  Calculated  coeflicients  of  section  loads  and 
inoments  and  of  wing  loads  and  moments  ai^e  also  given 
for  the  wing  and  flap  cornhmatkm  and  for  the  flap  alone. 

It  was  found  that  deflecting  a  partial-span  split  flap 
affected  the  i^vessures  and  the  section  noimal-force  and 
piitching-mornent  coeflicients  over  the  entire  xoing  span. 
The  flap  loads  and  moments  were  almost  constant  over 
the  span  of  the  paitial-span  flap  for  a  given  angle  of 
attack  and  flap  deflection.  The  maximum  normal-force 


and  hinge-moment  coeflicients  were  about  the  same  for 
the  partial-span  split  flap  of  the  pt^esent  tests  as  for  a 
full-span  split  flap  previously  tested. 

INTRODUCTION 

A  considerable  amount  of  aerodynamic  and  air-load 
data  is  available  for  simple  split  Haps  extending  along 
the  entire  span  of  the  wing.  (See  references  1  to  3.) 
However,  because  of  the  general  use  on  present-day 
airplanes  of  the  outer  portion  of  the  wing  span  for 
ailerons,  most  of  the  installations  of  split  flaps  have 
been  limited  to  the  inner  40  to  GO  percent  portion  of 
the  wing  span.  Some  aerodynamic  information  on 
partial-span  split  flaps  is  available  from  wind-tunnel 
force  tests  of  both  rectangular  and  tapered  wings 
equipped  with  such  flaps  (references  4  and  5).  There 
are  available,  however,  v^ery  few  air-load  and  moment 
data  suitable  for  the  design  of  wings  with  partial-span 
split  flaps. 

Tlie  present  investigation  was  made  to  obtain  in¬ 
formation,  particularly  of  span  load  distribution,  that 
would  be  suitable  for  application  to  design  problems 
involving  partial-span  split  flaps.  The  data  were  ob¬ 
tained  from  pressure-distribution  tests  of  a  wing  model 
with  a  20-percent-chord  split  flap  in  the  N.  A.  C.  A. 
7-  b}^  10-foot  wind  tunnel.  The  results  are  given  as 
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Figure  1. — Diagrammatic  drawing  of  semispan  Clark  Y  airfoil  with  split  flap  showing  pressure  orifices. 
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pressure  diagrams  for  the  basic  wing  and  as  increments 
ill  pressure  or  load  for  the  flap-deflected  conditions. 
The  characteristics  are  given  for  the  wing-and-flap 
combination  and  for  the  flap  alone. 

MODEL  AND  APPARATUS 

WING  MODEL 

The  Clark  Y  wing  used  for  these  tests  had  a  20-incli 
chord  and  a  60-inch  semispan  (fig.  1);  the  portion  ex¬ 
tending  back  to  80  percent  of  the  wing  chord  was  con- 


Figl're  5.~Increments  of  pressure  over  airfoil  sections  at  —6®  angle  of  attack  with  the 
flap  deflected  various  amounts. 

structed  of  laminated  mahogany.  The  trailing-edge, 
upper  portion  was  constructed  of  Ke-inch-thick  steel 
plate  rolled  to  the  contour  and  attached  to  the  wooden 
part  of  the  wing  with  screws.  The  flap,  which  had  a 
4-inch  chord  and  a  36-inch  semispan  (20  percent  c  by 
60  percent  6/2),  was  formed  by  hinging  the  inboard  60 
percent  of  the  metal  lower  surface  of  the  rear  part  of 
the  wing  about  its  leading  edge.  The  flap  was  sup¬ 
ported  at  its  leading  edge  by  small  piano-type  hinges 


and  was  set  at  the  various  deflections  by  suitable 
spacer  blocks  as  shown  in  figure  2.  The  gap  between 
the  leading  edge  of  the  flap  and  the  wing  was  sealed 
with  plasticine  for  all  tests. 

Pressure  orifices  were  built  into  the  upper  and  lower 
surface  of  both  the  wing  and  flap  at  several  sections 
along  the  semispan,  166  individual  pressure  orifices 
being  installed.  The  tubes  from  the  orifices  were 
brought  through  the  model  and  out  at  the  inboard  end. 
Two  orifices  on  both  the  upper  surface  of  the  flap  and 


Figure  6.— Increments  of  pressure  over  airfoil  sections  at  6°  angle  of  attack  with  the 
flap  deflected  various  amounts. 

on  the  lower  surface  of  the  wing  at  sections  E,  F,  and 
G  (fig.  1)  were  used  to  obtain  the  pressures  between  the 
flap  and  the  wing. 

MANOMETERS 

Two  N.  A.  C.  A.  multiple-tube  photographic¬ 
recording  manometers  (described  in  reference  6)  were 
used  to  record  the  point  pressures  on  the  model.  The 
manometer  was  connected  to  the  orifices  by  means  of 
rubber  tubing,  so  arranged  as  not  to  affect  the  air  flow 
over  the  wing. 
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FiGUKi;  7,— IrcTe.TiienJs  of  pressure  over  airfoil  sections  at  lo°  an, ale  of  attack  vith  1  he 
flap  deflected  various  amounts. 


TEST  ARRANGEMENT 

The  model  was  mounted  in  the  N.  A.  C.  A.  7-  10- 

loot  wind  tunnel  (reference  7)  in  conj unction  with  a 
retlection  plane  at  the  inboard  end.  (See  figs.  2  and  3). 
This  plane  extended  from  the  top  to  the  bottom  of  the 
air  stream  and  some  distance  ahead  of  and  behind  the 
model  and  was  so  located  that  the  model  was  placed 
symmetrictdly  with  respect  to  the  tunnel  center  line. 
The  tubes  from  the  pressure  orifices  were  brought 
horizontally  through  a  rotatable  section  of  this  plane 
to  the  edge  of  the  jet  and  were  grouped  together  to 
form  a  streamline  shape  so  that  the  air  flow  on  the 
opposite  side  of  the  plane,  on  which  the  model  was 
located,  was  not  appreciably  disturbed. 

TESTS 

The  static  reference  pressure  used  to  maintain  the 
dynamic  pressure  constant  during  the  tests  was  cali¬ 
brated  against  dynamic-pressure  surveys  at  the  model 
location  with  the  model  removed  from  the  tunnel. 
The  longitudinal  static  pressure  at  the  model  location 
was  also  measured  and  used  to  con-ect  the  point  ])res- 
sures  to  the  correct  reference  pressure. 

All  the  tests  were  made  at  a  dynamic  pressure  of 
16.37  pounds  ])er  square  foot,  corresponding  to  an  air 
speed  of  80  miles  per  hour  under  standard  sea-level 
atmospheric  conditions.  The  avei*agc  Reynolds  Num¬ 
ber  of  the  tests,  based  on  the  wing  chord,  was  approxi¬ 
mately  1,220,000. 

The  .model  was  tested  with  flap  angles  of  0°,  15°, 
30°,  and  45°.  The  angles  of  attack  covered  a  range 
from  ap]n‘oximately  zero  lift  to  15°  (a])proximatcly 
with  each  flap  setting,  test  ])oints  being  taken 
at  3°  intervals.  When  the  model  had  been  fixed  at 
a  given  ajigle  of  attack  with  a  given  fla])  setting,  a 
few  minutes  were  allowed  for  conditions  to  become 
constant;  a  record  was  then  taken  of  the  pressures  at 
the  orifices  by  means  of  the  ])hotographic  manometer. 

PRESENTATION  OF  DATA 

Section  or  rib  pressure  diagrams  with  the  flap  iieuti'al 
(fig.  4)  are  given  as  ratios  of  point  pressui’e  p  to  dynamic 
pressure  q  for  a  low  angle  of  attack  (  —  6°),  an  inter¬ 
mediate  angle  of  attack  (6°),  and  a  high  angle  of 
attack'  (15°).  In  addition  to  the  section  pressure 
diagrams  with  the  flap  neutral,  the  increments  of 
]}oint  pressure  with  the  flap  deflected  over  the  point 
liressure  with  the  flap  neutral  (both  in  terms  of  the 
dynamic  pressure)  are  given  (figs.  5  to  7)  for  all 
flap  deflections  and  for  the  three  previously  mentioned 
angles  of  attack.  On  these  diagrams  the  flap  pressures 
are  plotted  from  the  deflected  flap  chord  but  normal 
to  the  wing  chord.  The  principal  advantage  of  the 
increment  diagrams  is  that  thc}^  may,  by  the  principle 
of  superposition,  be  applied  to  pressure  diagrams  of 
any  other  basic  wing  section  that  does  not  depart  too 
greath'  from  the  Clark  Y  section  of  wliich  the  tests 
wei'c  made. 
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The  data  computed  from  the  integrated  pressure 
diagrams  are  given  as  nondimensional  coefficients. 
The  coefficients  for  the  wing-and-flap  combination 
include  the  loads  of  the  flap  projected  onto  the  wing 
chord.  The  coefficients  are  defined  as  follows: 

;  airfoil  section  normahforce  coefficient. 

([Ck 


wing  pitching-moment  coefficient 
Ow  about  cpiarter-chord  point. 

flap  section  hinge-moment  coefficient 
about  flap  hinge. 

flap  hinge-moment  coefficient  about 
flap  hinge. 


FioruK  S.-- S|);in  load  di.sjribution  on  the  airfoil  with  the  flap  deflected  various  anioimts. 


V 

Cv  j  ’  wiiui’  normal-force  coefficient. 

■  (jCuO>r 

flai)  section  normal-force  coefficient. 

N 

C  flap  normal -force  coefficient, 

Tfi 

""2^;  airfoil  section  pitching-moment 
coefficient  about  quarter-chord 
point. 


25—- J  ^  ]()()^  airfoil  section  longi- 
V  /  tudinal  center  of  pres¬ 

sure  in  percentage  of 
wing  chord  from  wing 
leading  edge. 

((j  \ 

0.25 - jXlOO,  wing  center  of  pres- 

/  sure  in  percentage  ^  of 
wing  chord  from  wing 
leading  edge. 


{cp}^  .  percent  wfng  chord 
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(c.  “  jXlOO,  flap  section  center  of  pres- 

\  sure  in  percentage  of  flap 

chord  from  hinge. 


XlOO;  flap  center  of  pressure  in 
percentage  of  flap  chord  from 
hinge. 


(a  p.)„,„,= 


X 100,  wing  lateral  center  of  pres¬ 
sure  in  percentage  of  wing 
semispan  from  wing  root. 


wing  pitching  moment  about  the  quarter- 
chord  point. 

hf,  flap  section  hinge  moment  per  unit  span 
about  the  flap  hinge. 

Trlf,  flap  hinge  moment  about  the  flap  hinge. 

moment  of  wing  semispan  load  about 
wing  root. 

moment  of  flap  semispan  load  about  in¬ 
board  end  of  flap. 

{/,  dynamic  pressure. 

Cy;,  wdng  chord. 


Cfy  flap  chord. 

wing  span. 
hf^  flap  span. 

In  these  coefficients  it  is  to  be  noted  that  the  chord 
forces  on  the  airfoil  have  been  neglected;  i.  e.,  the 
longitudinal  center-of-pressure  positions  and  the  pitch¬ 
ing-moment  coefficients  were  derived  solely  from  con¬ 
siderations  of  the  normal  forces. 

The  airfoil  section  normal-force  coefficients  are  plot¬ 
ted  against  the  wing  semispan  in  figure  8  for  all 
flap  deflections  and  all  angles  of  attack  tested.  The 


XlOO,  flap  lateral  center  of  pres¬ 
sure  in  percentage  of  flap 
semispan  from  inboard  end 
of  flap, 

where 

Uu:  is  the  airfoil  section  normal  force  per  unit 
Span. 

wing  normal  force. 

Uf,  flap  section  normal  force  per  unit  span. 

Nf,  flap  normal  force. 

airfoil  section  pitching  moment  per  unit 
span  about  the  quarter-chord  point. 
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airfoil  section  centers  of  pressure  are  plotted  similarly 
in  figure  9.  In  addition  to  these  data,  the  increments 
of  airfoil  section  normal-force  and  pitching-moment 
coefficients,  Ac„  and  for  the  three  angles  of 

attack  previously  mentioned  are  given  in  figure  10. 
The  airfoil  section  coefficients  and  Cm  are  also  plotted 
against  angle  of  attack  for  all  the  flap  deflections  in 
figure  1 1 .  The  wing  normal-force  and  pitching-moment 
coefficients  and  longitudinal  centers  of  pressure  are  plot¬ 
ted  against  angle  of  attack  for  all  flap  deflections  in 
figure  12,  and  the  wing  lateral  centers  of  pressure  are 
given  for  all  flap  deflections  in  figure  13. 

The  flap  section  normal-force  coefficients  are  plotted 
against  flap  semispan  in  figure  14  for  all  flap  deflec¬ 
tions  and  angles  of  attack.  It  should  be  noted  that 
for  5/— 0°  the  coefficients  were  computed  for  the  load 
on  only  the  lower  surface  of  the  flap,  whereas  for  the 
other  flap  deflections  the  coefficients  include  the  loads 
on  both  the  upper  and  lower  surfaces  of  the  flap.  This 
condition  also  applies  to  the  flap  centers  of  pressure  and 
hinge-moment  coefficients.  The  flap  section  centers  of 
pressure  for  all  flap  deflections  and  angles  of  attack 
arc  plotted  against  flap  semispan  in  figure  15.  The 
flap  normal-force  and  hinge-moment  coefficients  and 
longitudinal  centers  of  pressure  are  plotted  against 
wing  normal-force  coefficients  in  figure  16  for  all  flap 
deflections  and  angles  of  attack.  The  flap  lateral 
centers  of  pressure  are  plotted  against  angle  of  attack 
in  figure  17. 

PRECISION 

Inasmuch  as  no  air-flow  alinement  tests  were  made 
in  the  wind  tunnel  with  the  test  arrangement  used 
for  this  investigation,  the  absolute  setting  of  the  angle 
of  attack  may  be  slightly  in  error;  the  relative  angles 
are,  however,  accurate  to  within  ±0.1°.  The  flap 
deflections  were  set  to  the  specified  angles  to  within 
±0.1°.  The  point  pressures  based  on  check  tests  in 
which  both  the  angle  of  attack  and  the  flap  settings  were 
changed  independently  showed  that  they  agreed  to 
within  ±2  percent,  with  the  exception  of  the  upper- 
surface  pressures  near  the  wing  leading  edge  which, 
at  high  angles  of  attack,  checked  to  within  ±5  percent. 
The  dynamic  pressure  recorded  on  each  diagram  was 
accurate  to  within  ±0.25  percent  for  all  tests.  Since 
the  dynamic  pressure  was  recorded  on  each  diagram, 
there  is  no  relative  error  between  it  and  the  point 
pressure;  therefore  variations  of  the  dynamic  pressure 
do  not  introduce  any  error  in  computing  the  coefficients. 
None  of  the  data  has  been  corrected  for  the  effects  of 
the  jet  boundaries. 


RESULTS  AND  DISCUSSION 


SECTION  PRESSURE  DISTRIBUTION 


The  distribution  of  pressure  over  the  airfoil  sections 
with  the  flap  neutral  (fig.  4)  is  typical  of  that  for  wings 
of  rectangular  plan  form.  The  expected  high  tip 


Figure  10. — Increnieiits  in  airfoil  section  normal-force  and  pitching-moment  coeffi¬ 
cients  with  the  flap  deflected  various  amounts. 


loads  at  the  high  angle  of  attack  verify  previous  con¬ 
clusions  that  structurally  the  rectangular  tip  shape  is 
poor.  The  data  for  angles  of  attack  other  than  those 
shown  were  not  believed  to  be  of  sufficient  general 
interest  to  include  in  this  report. 

The  increments  of  pressure  due  to  the  deflected  flap 
at  the  low  angle  of  attack,  —6°,  (fig.  5)  show  that  the 
partial-span  flap  affects  the  load  distribution  on  all 
sections  along  the  span  of  the  wing.  The  first  section 
outboard  of  the  tip  of  the  flap,  section  D,  shows  a 
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peculiar  resultant  down-load  increment  at  the  trailing 
edge  of  the  wing,  which  increases  as  the  flap  is  deflected 
downward.  Tliere  is  also  a  considerable  resultant 
down-load  increment  on  the  trailing-edge  portion  of 
the  wing  covered  by  the  flaj)  when  the  flap  is  deflected, 
which  increases  with  fla])  deflection.  In  addition,  the 
positive  pressures  on  the  lower  surface  of  the  wing  are 


a ,  degrees 


FifiTHK  ]2.— Xoniicil-force  ooenkdents,  pitchinp-inoineiit  coenkdoiits,  an<l  centers  of 
Itresstirc  of  the  winsi'  with  the  flap  deflect cd  various  aiuoiniis. 


increased  more  tluin  the  jiegative  ])ressures  on  the 
upper  surface  at  a  given  flap  deflection.  The  pressures 
are  incretised  the  greatest  amount  near  the  flap  hinge 
and  near  the  leading  edge  of  the  wing. 

At  the  intermediate  angle  of  attack,  6°  (fig.  6),  theie 
is  a  peculiar  increase  in  load  at  the  tip  of  the  wing, 
which  is  probably  a  function  of  the  wing  plan  as  well 
as  of  the  flap  deflection.  The  increments  of  pressure 
at  the  ti’ailing  edge  of  the  wing  are  quite  similar  to 


those  noted  for  the  low  angle  of  attack.  In  addition, 
the  increase  in  positive  pressure  near  the  flap  hinge  on 
the  lower  surface  of  the  wing  is  larger.  This  increase 
in  load  near  the  hinge  may  be  critical  in  rib  design 
because  normally  this  portion  of  the  rib  does  not  have 
large  loads.  The  negative  pressure  on  the  upper  sur¬ 
face  near  the  leading  edge  increases  at  this  angle  of 
attack  by  about  75  percent  of  the  dynamic  pressure 
with,  the  maximum  flap  deflection. 

At  an  angle  of  attack  of  15"^  (fig.  7)  the  increase  in 
load  on  the  tip  section  is  again  evident.  At  this  angle 
of  attack  the  resultant  down-load  increment  near  the 
trailing  edge  at  section  D  with  the  flap  down  is  less 
than  for  the  lower  angles  of  attack.  The  load  incre¬ 
ment  on  the  portion  of  the  wing  above  the  flap  is 
very  small  but  the  increment  on  the  wing  outboard  of 
the  flap  is  large,  increasing  with  flap  deflection.  The 


FiuuKE  i:C— ].a(enil  centers  of  pressure  of  wing  with  the  flap  deflected  various 
amounts. 

large  increase  in  positive  pressure  near  the  flap  hinge 
is  also  evident  and  is  in  agreement  with  the  results  of 
the  tests  reported  in  reference  3.  The  increased  nega¬ 
tive  pressure  at  the  wing  leading  edge  is  about  three 
times  the  dynamic  pressure  when  the  flap  is  fully 
deflected. 

WING  LOADS  AND  MOMENTS 

The  airfoil  section  normal-force  coefficients  plotted 
in  figure  8  show  the  actual  distribution  of  the  air  load 
along  the  span  for  all  the  angles  of  attack  and  the  flap 
deflections  tested.  With  the  flap  neutral,  the  span 
load  distribution  is  typical  of  that  for  rectangular 
airfoils.  With  the  flap  deflected,  the  section  normal- 
force  coefficient  increases  along  the  entire  span  of  the 
wing.  The  rapid  change  in  section  normal-force  co¬ 
efficients  at  the  tip  of  the  flap  is  very  noticeable.  The 
curves  show  that  the  larger  the  flap  deflection,  the 
greater  is  the  concentration  of  the  load  over  the 
flapped  portion  of  the  wing  for  a  given  total  load. 
The  high  tip  loads  may  be  attributed  to  the  particular 
plan  form  of  the  wing. 

The  section  centers  of  pressure  plotted  against  the 
span  of  the  wing  with  the  flap  neutral  (fig.  9)  are 
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typical  of  those  for  a  wing  of  rectangular  plan  form. 
The  center  of  pressure  moves  forward  as  the  angle  of 
attack  is  increased  and  is  nearly  uniform  over  the 
span  except  at  the  tips  of  the  wing,  which  may  be 
seen  from  the  pressure-distribution  diagrams  (fig.  4). 
With  the  flap  deflected  (fig.  9),  the  center  of  pressure 
shifts  rearward  not  only  over  the  flapped  portion  of 
the  wing  but  also  over  the  rest  of  the  wing  to  the  out¬ 
board  end  for  the  high  angles  of  attack.  For  the  low 
angles  of  attack,  the  center  of  pressure  shifts  forward 
over  the  unflapped  portion  of  the  wing  when  the  flap 
is  deflected. 

The  increments  of  airfoil  section  normal-force  and 
pitching-moment  coefficients  caused  by  deflecting  the 


wing  coefficients  for  a  particular  model.  The  largest 
changes  in  section  normal-force  coefficient,  Ac,,  =  0.75, 
and  in  section  pitching-moment  coefficient,  ACw^^,= 
—  0.20,  occur  at  the  maximum  flap  deflection  used  and 
at  15®  angle  of  attack.  The  rapid  change  in  both  the 
wing  normal-force  and  pitching-moment  coefficients  at 
the  outboard  end  of  the  flap  and  the  increase  in  the 
force  and  moment  on  the  unflapped  portion  of  the  wing- 
are  clearly  shown  by  these  increment  diagrams.  The 
peak  load  and  moment  increments  at  the  tip  of  the 
wing  are  probably  a  function  of  the  rectangular  tip 
shape  and  might  not  be  encountered  with  rounded  wing- 
tips.  It  is  probable  that  these  increments  of  loads  and 
moments  may  safely  be  superposed  on  known  span  loiid 


and  moment  diagrams  of  plain  wings  haying  similar 
profiles  and  plan  forms. 

In  order  to  complete  the  air-load  information  on  wings 
with  this  type  of  flap,  more  tests  are  desirable  with  other 
wing  profiles  and  plan  forms  and  flaps  of  difl'erent  spans 
and  chords.  Such  additional  data  would  establish  the 
effect  of  profile  and  plan  form  on  section-characteristic 
increments  and  on  span-load  and  moment  increments. 

The  curves  of  the  section  normal-force  coefficient  (fig. 
11)  show  that  for  all  sections  except  A  and  B  the  normal- 
force  coefficient  is  linearly  proportional  to  the  angle  of 
attack  from  zero  lift  to  1 5®  angle  of  attack.  The  pitching- 
moment  coefficient  curves,  except  for  section  A,  are  regu¬ 
lar,  the  moment  increasing  toward  the  center  of  the  wing. 

As  previously  pointed  out, 
the  peculiar  loads  and  mo¬ 
ments  at  tlie  tip  section  are 
a  function  of  the  tip  shape. 
The  variation  in  the  wing 
ch  a  rac t eristics  with  angle 
of  attack  (fig.  12),  caused 
b}'  deflecting  the  partial- 
span  flap  a  given  amount, 
checks  reasonably  well  with 
the  results  of  force  tests 
(data  unpublished).  The 
sudden  change  in  normal 
force  at  high  negative 
angles  of  attack  with  the 
flap  down  45°  is  worthy  of 
note.  The  same  phenome¬ 
non  was  encountered  in 
force  tests  with  split  flaps 
(references  2  and  4)  and 
may  result  in  critical  loads 
when  considering  a  down 
gust  if  flying  at  maximum 
allowable  speed  with  the 
flap  deflected.  More  data 
on  conditions  in  this  vicin¬ 
ity  are  desirable. 

The  lateral  center  of  pressure  on  the  wing  (fig.  1.3) 
moves  toward  the  plane  of  symmetry  as  the  flap  is 
deflected  downward. 

FLAP  LOADS  AND  MOMENTS 

The  flap  section  normal-force  coefficients  are  shown 
in  figure  14  for  all  flap  deflections  and  angles  of  attack 
plotted  against  flap  span.  For  the  zero  flap  deflection  the 
load  on  only  the  lower  surface  of  the  flap  was  considered, 
but  for  the  other  flap  deflections  the  load  on  both  sur¬ 
faces  was  included.  The  section  normal-force  coefficient 
of  the  flap  increases  with  flap  deflection  but  shows  no 
consistent  variation  with  angle  of  attack.  For  practi¬ 
cal  purposes  the  air-load  distribution  may  be  considered 
uniform  over  the  span  of  the  flap. 


flap  (fig.  10)  are  probably  of  greater  interest  than  the 
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Tlio  Hap  soctlon  ceiitois  of  prossuro  (fi^'-jr))  witli  iho 
flap  Ticiitral  arc  rather  erratic  and  vary  ov(>r  a  large 
range;  for  otlier  flap  deflections  the  flap  center  of 
pressure  is  essentially  constant  between  40  arul  50 
percent  of  the  flap  chord  from  the  hinge  axis. 


^1....  Mill  . I  . !  .  I  I  M  I  I  I  I  I  I 

0  A  .6  .8  l.O  1.2  L4  1.6 


Wing  normal-force  coefficient, 

Figure  16— Normal-force  coefficients,  hinge-moment  cocaicicnts,  ami  centers  of 
pressure  of  flap  for  various  flap  deflect  ions. 


$0  or,  degrees 

Figure  17.--Lateral  centers  of  pressure  of  flap  for  various  flap  deflections. 


The  flap  hinge-moment  and  normal-force  coeffi¬ 
cients  (fig.  16)  increase  with  flap  deflection  but  show 
no  consistent  variation  with  wing  normal-force  coeffi¬ 
cient.  The  maximum  flap  normal-force  coefFicient  was 
1.15;  which  checks  the  results  of  references  2  and  3  for 
the  same  flap  deflection.  The  maximum  liinge-moment 
coeflicient  of  the  flap  was  0.5;  which  is  about  10  percent 
less  than  that  reported  for  the  full-span  flap  of  reference  2. 

Tlie  longitudinal  center  of  pressure  on  the  flap  (fig. 
16)  is  about  constant  at  43  percent  of  the  flap  chord 
from  the  hinge  axis  except  wlien  the  flap  is  neutral  and  ‘ 


for  small  values  of  the  wing  normal-force  coeflicient 
with  the  flap  down  45°.  With,  the  flap  neutral  the 
center  of  pressure  moves  to  about  65  percent  of  the 
flap  chord  at  small  Audues  of  Aving  norjnal-force  coeffi¬ 
cient.  The  lateral  center  of  pressure  on  the  flap  (fig. 
17)  is  at  50  percent  of  the  flap  s])an  from  the  plane  of 
symmetry;  Avithin  ±0.5  percent;  for  all  flap  deflections 
and  angles  of  attack  tested. 

The  amount  of  leakage  bctAveen  the  Aving  and  a 
closed  s])lit  flap  largely  determines  the  hinge-moment 
and  norma  1-foj'ce  coefFicient  for  the  neutral  setting. 
If  there  is  any  negatiA'e  pressure  on  the  upper  surface 
ol  the  flap  m.  the  closed  position;  the  hinge-moment 
and  normal-force  coeflicients  Avill  be  increased.  It  is 
possible  that  the  force  required  to  OA^ercome  the  hinge 
moment  Avlien  the  flap  is  neutral  may  be  critical  for 
manual  operation  of  the  flap.  Further  tests  of  various 
flap-neutral  conditions  seem  desiral)le. 

CONCLUSIONS 

The  following  comdusions  may  b(>  drawn  from  tlu' 
results  of  the  tests  reported  herein: 

1.  Deflection  of  the  partial-span  split  flap  affected 
tlie  ju'essures  and  section  normal-force  and  pitching- 
moment  coeflicients  over  the  entire  span  of  the  Aving. 

2.  hor  the  Aving-flap  combination  tested;  the  flap 
loads  und  inoments  Avere  practically  constant  OA^er  tlie 
span  of  the  partial-span  split  flap  for  a  gDen  fla]) 
deflection  and  angle  of  attack  of  the  Aviiig. 

3.  The  maximum  normal-force  and  hinge-moment 
coeflicients  Avere  about  the  same  for  the  partial-span 
split  flap  of  the  present  tests  as  for  a  preAUously  tested 
full-span  split  flap. 


Laxgley  Meaiouial  Aeronautical  Laboratory; 
National  Adausora'  Coaiaiittee  for  Aeronautics; 
Langley  Field,  Va.,  April  28^  1986. 
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Positive  directions  of  axes  and  angles  (forces  and  moments)  are  shown  by  arrows 


Axis 

Force 
(parallel 
to  axis) 
symbol 

Moment  about  axis 

Angle 

Velocities 

Designation 

Sym¬ 

bol 

Designation 
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direction 

Designa-  Sym- 
tion  bol 

Linear 
(compo¬ 
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axis) 

Angular 

Longitudinal _ 

X 
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Rolling _  L 
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V 

Lateral _ 

Y 
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Pitching _  M 

Z — >x 

Pitch _  $ 

V 

q 

Normal _ 

Z 

Z 

Yawing _  N 

X - >Y 

Yaw _  Ip 

w 

r 

Absolute  coefficients  of  moment 


(rolling) 


(pitching) 


Angle  of  set  of  control  surface  (relative  to  neutral 
n  —  position),  5.  (Indicate  surface  by  proper  subscript.) 

(yawing) 


4.  PROPELLER  SYMBOLS 


A 

P/A 

F', 

F./ 

T. 

A 


Diameter 
Geometric  pitch 
Pitch  ratio 
Inflow  velocity 
Slipstream  velocity 


Thrust,  absolute  coefficient  Cy  — 


T 


Torque,  absolute  coefficient  Oq 


Q 

pn^D^ 


A 

A, 

n, 


Power,  absolute  coefficient  Cp=* 


P 

pn^D^ 


Speed-power  coefficient  = 
Efficiency 


Revolutions  per  second,  r.p.s. 


Effective  helix  angle  =  tan“^ 


5.  NUMERICAL  RELATIONS 

1  ^  76.04  kg-m/s  =  550  ft-lb./sec.  1  lb.  =  0.4536  kg. 

1  metric  horsepower  =  1.0132  hp.  1  kg  ==2.2046  lb. 

1  m.p.h.  =  0.4470  m.p.s.  1  mi.  =  1,609.35  m  =  5,280  ft. 

1  m.p.s.  =  2.2369  m.p.h  1  m  =  3.2808  ft. 


